
PATENT SPECIFICATION 1326 766 

DRAWINGS ATTACEIED 

vlo (21) AppUcation No. 44203/70 (22) Filed 16 Sept 1970 (19) 

(31) Convention AppHcation No. 859 457 (32) FUed 19 SepU 1969 in 
^ (33) United States of America (US) 
CO (44) Complete Specification published 15 Aug. 1973 
^ (51) International (3assification HOIF 27/26 

(52) Index at acceptance 
HIT IF 7A3 

(54) LAMINATED MAGNETIC CORES FOR ELECTRIC INDUCTION 

APPARATUS 

(71) We, General EiicrRic Company, more including the st^ ctf forming a steui 
a corporation orgaiused and existing under of ferro-magnetic laminations, said lamina- 50 
the laws of the State of New Yorl^ United tions having laterally defooned longitudinal 
States of America, residing at 1 River Road, edg^ presenting therebetween a plurality erf 
5 Sdienectady 12305, State of New Yoit, lamellar interstices, applying a coating of a 
United States of America, do hereby de- thermo-setting resin to a side of the stack at 
clare the invention, for which we pray that which said longitudinal edges are exposed, 55 
a patent may be granted to us. and tiie some of the resin penetrating said lamellar 
method by widdh it is to be performed, to be interstices, and allowing or causing the resin 
10 particularly described in and by the follow- to cure, said coating being of suffici«it 
ing statement: — strength to render said core stack self-sup- 

This invention relates to laminated mag- porting when the core is in a vertical position oO 
netiz^le cores for electric induction appar- during assembly of such electric induction 
atus. apparatus. 
15 Large electric power transformers having According to the present invention in 
power ratings of several thousand kilovolt another aspect there is provided a magnet- 
amperes or more and vertical laminated cores izable core wei^iing five tons or more for o5 
weighing several tons present special prob- electric inducticm apparatus having a power 
lems in respect to core strengdi and rigidity, rating of five KVA or more comprising at 
20 both during and after assembly. Laminatai least one core leg in the form of a stack of 
core legs and yokes, especially those having a f erro-magnedc laminations, said laminations 
high ratio of length-to-weight, are inherentiy having laterally deformed longitudinal edges 70 
weak mechanically and must be strengthened pr^enting therebetween a plurality of lamel- 
by securing the laminations firmly to- lar interstices, and a coating of a cured 
25 getiier. In large laminated cores designed thermo-setting rcsm on a side of tiie stack 
for operation in a vertical plane, assembly at v/hich said longitudinal edges would 
of the coUs and final positioning of the top otherwise be exposed, the cured resm of said 75 
yoke is carried out vnth the core legs up- coating extending into said lamellar inter- 
ri^t. The yoke laminations are solidly stices, and said coating being of sufficient 
30 clamped between lateral clamping beams strengtii to render the core leg self-supporting 
while tiiey are still in a horizontal plane wh^ the core is in a vertical position dur- 
af ter tiie stilting operation. No additional ing assembly of such electric induction appar- 80 
Ugs are needed, therefore, to hold the yoke atus. ^ ^ 

lammations together eitber in assemWy or in In carrying out the mvention m one pre- 
35 operation. The laminated core legs, how- ferred embodiment, a large magnetL^le 
ever, must be made self-supportmg in a ver- core wei^iing five tons or more and hav- 
tical position for final asscanbly and must ing one or more tall vertical le^ is con- 85 
have appreciable self-contained rigidity in structed by stacking togeUier m aligned face- 
operation. While the core legs usually do to-face relation a plurality of lammations of 
40 include lateral clampmg plates in final as- grain-oriented steel. For large electric I^er 
sembly, th^e clamps must pass through the apparatus baving a power ratmg of five KVA 
coil windows and therefore cannot be as cm- more the core legs may be substantially 90 
massive as the yoke clamps. square or of stepped cruciform shape m 

According to tiie preset invention in one cross-section, so that the ratio of the leaigths 
45 aspect there is provided a method of manu- of a pair of mutually perp^idicular dimen- 
facturing a magnetizable core wei^ung five sions <rf the cross-section of each core leg is 
tons or more for electric induction appara- of die order of 1:1. Smularly lanamated 95 
tus having a power _rating of five KVA or yoke members are connected m bndgmg re- 
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lation across opposite ends of the core legs 
and connected to the 1^ by suitable joints. 
Preferably, the core joints are of the inter- 
leaved type. 

5 Each lammated core leg is temporarily 
bound by a plurality <^ external steel bands. 
The core is then erected to set the l^s in 
vertical position and is heated to a tempera- 
ture between normal room temperature and 

10 200*C, preferably of the order of 150^C. The 
joint regions at the ends of the core i^s 
are masked, and there is applied to the oppo- 
site lonaitudinal edges of ail 1^ laminaUons, 
for a niajor portion of the leg length, a 

15 poljmerizable cpoxy resin of a type having 
a thermosettmg, e.g., curing, temperature 
sliafatly below the temperature of the heated 
core and havuig high thermal conductiwy 
after curing. Preferably, the resiu is applied 

20 by flocking or electrostatic spraynig of a 
"one part" polymerizable resin fusion mixed 
with a suitable catalyst and stwed as a pow- 
dered solid- In application, the powdered 
mixture fuses when deposited on the pre- 

25 heated core and its ccwisequent low viscosity 
enables it to penetrate the lamellar mter- 
stices characteristic of the slightly laterally 
deformed sheared edges of tlie steel lamina- 
tions. The lesm is applied to the lamina- 

30 tion edaes as a thin coatmg having a thick- 
ness of^at least 2 mils and preferably of at 
least 5 mils. Following cooling of the resm, 
the steel bands are removed and tlie assem- 
blv of the core and coils completed while 

35 the core legs remam self-supporting in the 
verdcal position. 

An embodiment of the mvention will now 
be described, by way of example only, v/iui 
reference to the accompanymg drawmg in 

40 which I 

Figure 1 is a side-elevational view of a 
pow^ transformer core which may embody 
the present invention; 
Figure 2 is an enlarged fragmentary view 

45 in perspective of a lower comer of the 
transformer core showing a portion of the 
lower yoke and a portion of one verucaj 
le**"; 

*Fi2ure 3 is a viev/ similar to that of Figure 

50 2 sho^?wng a single core leg and yoke erected 
in vertical position and prepared for edge 
bonding of laminations prior to final assem- 
bly, and . ^ . 
Figure 4 is an enlarged cross-sectional view 

55 of several core laminations edge bonded by 
thermosetting epoxy resin applied in accord- 
ance with xh& invention. 

Referring now to the drawing, and particu- 
larly to Fig. I. there is shown a transformer 

60 core assembly having a plurality of vertical 
less 2 and lower and upper yoke members 
3"3S respectively, bridged across opposite 
^ds of the legs 2. The core legs 2 and yoke 
members 3 and 3^ are each formed of a plur- 

65 ality of flat laminations 4 of magnetizable 



steel. A pair of flat clamping plates 5. drawn 
losether by a plurality of bolts 5^, securely 
clainp togedier the laminations of each core 
leff 2. The laminations of the upper and 
lOT-er core yokes 3 and 3^ are clamped to- 70 
gether between paks of clamping beams 6. 
6' which extend along and beyond the ends 
of each core yoke. Preferably the jointe be- 
tween the core legs 2 and the yc^es 3, 3 
are cut and interleaved as illustrated m U,S. 75 
Patent No. 3,212,042-Twomey. 

As shown at Fig. 2. the core legs 2 are of 
cruciform configuration constituted by a cen- 
tral stack of wide laminations and one or 
more outer stacks of narrower laminations 80 
assembled in progressively narrowmg stepped 
relation- Each group or stack of lammations 
of equal width Is assembled with the lamma- 
tlons in face-to-face relation and their longi- 
tudinal edges in alignment. If desired, of 85 
course, all the laminations of each core leg 
may be identical in width so that the leg 
of cross-section is rectangular, or the num- 
ber of stepped variations in lamination width 
may be sufficiently large that the core leg 90 
cross-section approxmiates a circle. Whether 
cruciform or rectangular, it is preferable 
th-^t tiie perpendicular cross-sectional dimen- 
sions of each core leg be approximately 
equal in lensrth, i.e., in the raUo of nearly 95 
1-1. therebylfavorably to utilize the circuto 
axial aperture or window of a circular coil 
surroundui!! the leg. Preferably, ^so, the 
laminations 4 are stamped out of gram- 
oriented silicon steel ha\Tng a magneuc direc- 100 
tion coincident with the lengthwise dunension 
of each laminaiion. If desb-ed. each core 1^ 
may be made up of two shnilar and oppo- 
sitely disposed sets of lammations cenually 
spaced apart to form a transverse slot as 105 
ifiustrated in Fig. 2 of U.S. Patent No. 
2.920,296-Neurath. . 

Li power transformers having ratmgs or 
the order of 5 to 35 KVA or more, the core 
assemblv is massive and commonly has a 110 
weisht of the order of 5 to 20 tons or more. 
The core legs are ordmarily quite long m 
relaticm to then- cross-sectional dimensions 
and have little resistance to lateral deforma- 
tion or bending unless the laminations are 115 
fii-ralv clamped or bound tc^ether. In the 
assemblv operation, therefore, it is necessary 
to stiffen the core legs independently of the 
clampins plates 5 before they are set in an 
upri^t ^position for final assembly. It is 120 
desirable tliat tlie binding means used to tie 
leg laminations together prior to assembly 
of the clamoina plates 5 apply a substan- 
tially uniform binding force throughout the 
leneth of each leg and thus avoid the uneven 125 
disfribution of stress imposed by spaced- 
apart bolts or straps. It is to be noted that 
in the final application of clamping plates 
5 the plates ser\'e to distribute the stress 
of bolts 5. ^30 



1.326,766 



3 



To reader the 1^ laminations self-sup- 
porting without the creation of high local 
stresses, a thin coating of thermosetting 
epoxy resin is applied to the Icwagitudinal 
5 edge surface of the le^ laminations along 
substantially the full len^ of eadi leg. The 
coating is applied to a tmckness in the range 
f rem 2 to 50 mils, preferably 5 mils, and con- 
stitutes the sole means for rendering the 

10 laminations of each leg self -supporting in the 
vertical position to final assembly of the 
outer clamping plates 5. The mode of 
application of the resin binder and the result- 
ing sdf-supporting structure of each core leg 

15 will be more fully understood from the fol- 
lowing detailed description of a topical core 
lay-up and assembly operation. 

The laminations 4 are cut to size by a slit- 
ting and shearing operation well known to 

20 thc^e skilled in the art, and as a consequence 
the edges, and particularly the longitudinal 
major edges, of the laminations are sUghtly 
laterally defonned as iUustrated in the en- 
larged cross-section at Fig, 4. The lamina- 

25 ticMis are initially stacked together in hori- 
zcmtal position with the l^s and at least 
the lower yoke member interfitied in their 
final relative positions. If desired, the upper 
yoke monber may also be inteifitted witli 

30 the legs during the lay-up operation, but the 
upper yc^e if so fitted, must be later removed 
to place the coils on the core, as is well 
known to those skilled in the art. When the 
lay-up is completed in the horizontal posi- 

35 tion. the clamping beams 6, 6* are placed 
on opposite sides of each yoke 3, 3\ and the 
yoke laminations thus firmly clamped to- 
gether. While still in this horizontal posi- 
tion the laminations of each core leg 2 are 

40 temporarily bound together by means of a 
plurality of external steel straps or bands 
8, as illustrated at Fig. 3. The partially 
assembled core is then set upright with the 
legs 2 in vertical position, die leg laminations 

45 being restrained from collapse only by the 
temporary steel bands 8. 

With the core in upright position, it is 
placed in a suitable oven and heated to a 
tempei-ature of the order of 150°C in pre- 

50 pamtion for application of a thin coating 
of thermosetting resin to the longitudinal 
major ed^ of all leg lammations. Such 
a coating is illustrated at Figs. 3 and 4 and 
designated by the reference numeral 10. For 

55 large transformer cores having legs of the 
order of 5 feet or more in hei^t and a 
cross-sectional area of 1 to 3 square feet, 
it has been found sufficient to provide a 
coating of at least 2 mils, preferably at least 

60 5 mils, and pref^iably no more than about 
50 nuls in thickness. Coating 10 is applied 
to the preheated core in powdered or par- 
tially melted form, preferably by electrostatic 
spraying or by flocking, as through a nozzle 

65 11 illustrated at Fig. 3, As illustrated at 



Fig. 4, the laminations 4 are deformed 
laterally at thdr edges as a result of the 
shearing operation, and thus "when stacked 
together, form between adjacent laminations 
a plurality of shallow lamellar interstice 12 70 
which the material of the coating 10 pene- 
trates under higji temperature conditions, 
thereby to ^ve added strength to the bonded 
assembly. After spraying or flocking is com- 
pleted the core is allowed to cool and the 75 
straps 8 removed after the resin has cured. 

While the techniques of dectrostatic spray- 
ing or flocking have been found preferable, 
it will be understcwd by those skiUed in the 
art that the powdered resin may also be 80 
applied by other known methods, such as 
flame spraying, or sprinkling or in an aer- 
ated or fluidized bed. 

The coating 10 of resinous edge bonding 
material must have high tensile straigth and 85 
good adhesion to the laminations at their 
edges and in the interstices 12. To preclude 
undesired interference with cooling of the 
core in operation, the coating should be as 
thin as possible and ^ould have a higji 90 
degree of thermal conductivity. Preferably, 
its teimal conductivity should be approxi- 
mately the same as the inmiediately adjacent 
layer air or dielectric fluid in which the 
core is immersed. 95 

The material of the coating 10 sh<MiId 
also be suflaciently low in viscosity when 
heated to fusing or melting condition that 
it will fuHy penetrate the interstices 12 and 
still be sufiicientiy high in viscosity that it 100 
will adhere without running <^ the ver^ral 
surface. Finally, the resmous coating must 
be formed of a material initially thermoplastic 
so that it caii be melted or fused in applica- 
tion (i.e., prior to or after deposition on the 105 
core) and also polymerizable, i.e., thermo- 
setting, when reacted with a suitable cata- 
lyst. The thermosetting or cuting tempera- 
ture should be sufiicientlj^ low that it will 
not damage other conventional parts of the 110 
core such as wood-spacing blocks* and the 
like, it should be sufficiently high that the 
mixture will not react at room temperature. 

We found that a *'one-part" compound 
comprising a solid monomer, melt fusion 115 
mixed with a beat reactive latent hardener 
and subsequentiy powdered, is especially 
suitable for application by electrostatic spray- 
ing or flocking. Such a one-part compound 
when elevated to the activation temperature 120 
of the lat^t hardier reacts by polymeriza- 
tion to form a strong thermoset coating. A 
compound we have found particularly suited 
for this purpose is known ccwnmercially as 
XR5149 and is manufactured and sold by 125 
Minnesota Mining and Manufacturing Com- 
pany. In general, it is believed that any 
epoxy compound comprising a diglycMyl 
ether of bisphenol A, dharacterized by re- 
active epoxy or ethoxylene groups and a 130 
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tempaature active hardening agent wiU 
Dos^ the unique combination of quaUttes 
reauired to meet the severe edge-bondmg 
iMuiiements in large, heavy mamctizable 

5 cores of the diaracterter described. 

In practice we have utilized the eppxy 
resin XR5149 to edge bond the 1^ lanuna- 
tions of seveial large transformer cors hay- 
ing vertical legs of the order of six feet in 

10 hdght and fifteen inches in diameter the leg 
croS-section being made substantially cir- 
cular by step variation of lanunation widtlis. 
In all cases we have obtained excellent re- 
sults in respect of beam strength and rigidity 

15 of the heat-dissipation chaiactensUcs 
and redoStion of electrical core loss and 
noise. 

WHAT WE CLAIM IS:— . 
20 1 A method of manufaciarmg a mag- 
netizable core weighing five tons or more 
for electric inducUon apparatus having a 
power rating of five KVA or more including 
Sie step of forming a stack of f crTo^magnetic 
25 larainaUons, said laminauons havmg later- 
ally deformed longitudinal edges presaitmg 
tiierebetween a plurality of lamellar inter- 
sUces. applj-ing a coating of a tliemio-settmg 
resin to a side of tlie stack at which said 
30 lonaitudmal edses are exposed, some oi me 
resLi penetrating said lamellar intersuces. and 
allowtag or causing the resm to cure said 
coating being of sufficient stren^ to render 
said cOTe stack self-supporting when the core 
35 is m a vertical position during assembly or 
such dectric induction apparatus. 

-> A method as clauned m Claun i 
whMem the thickness of the cured coatmg 
Ues in the range of from 2 to SOmils. 
40 3 A method as clauned in Claim l or 
Qaim 2 mcluding the steps of strapping Uie 
lammations to restrain collapse oi tiie stacl. 
before applying smd coatmg. and lemovuig 
the strapping after the resin is cured. 
45 4 A method as clauned in any one oE 
Qaims 1 to 3 including the step of heating 
the stadc to a temperature above the curing 
t^pSire of tlTe resm before app^ing 
said coating, the coating being apphed while 
50 the stack temperature is above cunng tei^ 
perature and then aUowing the resm to cure 
by permitting the stack to ctoL 

5 A mefliod as clauned m Claun 4 
wh^ran the curing temperature of said resin 

55 is betvireen normal room temperature ana 

6 A method as clauned m any one of 
Qaims 1 to 3 wherdn said coatmg is ap- 



plied bv depositing a powdered solid thermo- 
setting 'resk mixture of a thermo-plasUc. 60 
themfo-settable resin and a sohd cunng cata- 
lyst under sudi temperature conditions as 
to cause the resm mixture to fuse and some 
<rf it to penetrate said intersuces before the 
rean mixture cures. 

7 A method as claimed in Claun 6. 
wherein the stack is preheated to a temper- 
ature above the fusing traiperature of said 
mixture before said deposition. 

8 A magnetizable core weighmg five tons 70 
or iliore for electric induction apparatus ha^^ 
ing a power rating of five KVA or more 
ccJnprising at least one core leg m the form 

of a stack of ferro-magnetic lammaUoM. 
said laminations havmg laterally deformed 75 
longitudinal edges presenting therebetween a 
plurality of lamellar mterstices. and a coat- 
ing of a cured thermo-setting resm on aside 
of the stack at which said longitudmal edges 
would otherwise be exposed the cured resm 80 
of said coating extendmg,mto said lameDar 
interstices, and said coatmg bcmg of suffi- 
cient strength to render Uie core 1^ self- 
supporting when the core is in a vertical posi. 
tion duriifg assembly of such electric mduc- 85 
tion apparatos. ^ . _ . 

9 K core as claimed m Qaun 8 where- 
in the fliickness of said coating Ues m tiie 
lange of from 2 to 50 mils. . . „ on 

10 A core as claimed in Uaun 8 or w 
aaim 9 wherein tiie ratio of tiie lengths of 

a pair of mutually perpendicular dunensions 
of the cross-section of said core leg is sub- 
stantially unity. , . - . rtf qs 

11 A core as clauned m any one of 
Oaims 8 to 10 wherem the lammations are 
formed <rf grain oriented steeL 

I'' A core substantially as descnbea 
hereiii wifli reference to tiie accompanj'mg 

13 A method of manufacturing a core 
as claimed in Claim 1 and substantially as 
described herein with reference to die accom- 
panying^wmgS;^^^^^ core when made by a 105 
method as claimed in any one of Qamis 1 to 

^ *15^^'Electric induction apparatus compris- 
ing a core, as claimed in any one of Qamis 
8 To 12 or 14. 

BROOKES & MARTIN. 
High Holbom House, 
52/54 High Holbom, 
London. W.C.I, 
Agents for the Applicants. 
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1 SHEET drawing is a reproduction of 

the Original on a. reduced scale 
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